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Red raspberry (Rubus idaeus L, cv. Meeker) was grown with either 3-m or

alternate 3-m and 1.5-m between-row spacing. Canes were trained as: a) pruned up-
right bundles, b) pruned and individually woven canes, or c) unpruned looped bundles,
all secured to wires 1.5 m high. Training did not consistently affect yield as obtained
with a Littau mechanical harvester. Fruit size was smallest in the unpruned bundles.
The amount of fruit that dropped between or during harvests was substantial, but was
similar for row spacings and training systems.

The 4.5 t0 5.5 t-ha-! average annual yield
of red raspberries in Oregon is below the
crop potential (3) for the Meeker cultivar.
Researchers and growers have experimented
with training systems (4, 13). pruning tech-
niques (1, 9, 12), and soil fertility (5, 10),
and studied the effects of such treatments on
plant population density, cane diameter, bud
number, budbreak, berries per cluster, and
their relationship to yield (8, 14). Many fac-
tors (cane population, fruits/lateral, fruit size)
contribute to variations in yield, often com-
pensating for each other (6, 7, 11). Char-
acteristics that consistently and predictably
relate to yield from mechanical harvesting
and cultural practices that minimize fruit loss
have not been identified.

High-density planting is one practice that
may increase red raspberry yield. The har-
vesting machine will operate successfully in
closed-space rows; thus, higher than normal
cane density may be established and har-
vested. There is little information on plant
response to high density. These studies de-
termined the effect of cane population and
training system on plant and fruit character-
istics and efficiency of mechanical harvest-
ing.

The red raspberry, (‘Meeker’) was estab-
lished in two adjacent plantings at North
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Willamette Experiment Station (Aurora, Ore.)
in 1980, one with 3 m between rows (stan-
dard) and the second with alternate 1.5 m
and 3 m between rows (modified). Each plot
consisted of one hedgerow 30 m long. Within
a given area, the modified planting contained
33% more individual rows than the standard.
A Littau mechanical harvester was operated
in the 3-m between-row spaces.

The Littau harvester is a self-propelled over-
the-row machine. Fruits are dislodged by
flailing rods that pass along both sides of the
row and transmit the shaking action through-
out the plant. Detached fruits drop to spring-
loaded overlapping catch plates. then roll onto
pocket belt conveyors that move the fruit
through a pneumatic cleaner onto an inspec-
tion belt and into containers.

Three training systems were compared: a)
upright bundles pruned to 1.8 m, b) individ-
ually woven canes pruned to 1.8 m, and ¢)
looped bundles of unpruned canes 1.8-2.4
m. All canes, individual or bundled. were
secured to a wire 1.5 m from the ground.
Plots were replicated three times in each
planting.

Fruit yield and size and cane number/plot
were recorded for all treatment combina-
tions. A random sample of 10 canes/plot was
used to estimate cane diameter, bud number/
60-cm cane midsection, fruiting laterals/60-
cm section, and fruits/lateral (one lateral 45
cm from base) for the woven system in 1982
and 1983. In 1984 and 1985, data were taken
on all three training systems.In 1984, 5-m
sections of each plot were gleaned for dropped
fruit after each harvest. In 1985, dropped
fruit was gleaned immediately before harvest

and immediately after harvest to identify loss
occurring in the interval between harvests
and loss during harvest.

Harvest data and cane measurements were
subjected to two-way analysis of variance in
comparisons of training methods. Correla-
tion coefficients (r values) were calculated
for identifying relationships between harvest
data and cane characteristics. Because the
two-row spacings actually constituted inde-
pendent experiments, the yields and cane
numbers from the standard and modified
plantings were compared using paired ¢ tests
each year.

Training method did not affect mechani-
cally harvested yield in the modified planting
(Table 1). In the standard planting, differ-
ences in yield were attributable to training
method only in 1983 and 1984. Differences
in fruit size, when present, showed that canes
in looped bundles produced the smallest fruit
(Table 1). The small fruits in terminal clus-
ters of the unpruned canes apparently re-
duced the average berry size in this treatment,
a practical consideration in hand picking but
of little importance when machine picking.

The inconsistent production of woven plots
with evenly spaced canes with the buds well-
exposed to light is explained in that woven
plots generally had significantly fewer train-
able canes/m? than upright or looped plots
(Table 1). All canes too short to reach the
training wire or too delicate to support an
adjacent cane were removed at training. The
upright bundle training system allowed for
the retention of marginally acceptable canes,
since even the smallest canes not long enough
for looping could be secured in a bundle with
other canes.

The population of trained canes is the fac-
tor most consistently associated with yield.
Yield/m? was correlated with canes/m? in
1982, 1983, and 1984 (r = 0.649, 0.501,
and 0.706, respectively). Yield/m? was cor-
related with cane diameter (r = 0.716) only
in 1983. In 1982 and 1983, number of buds/
60-cm cane section was negatively corre-
lated with yield (r = —0.623 and —0.584).
Other plant characteristics measured had no
significant relationship to yield.

Plant competition for light, water, and nu-
trients may, in part, explain the failure of
the modified row spacing to increase yield
in proportion to the increase in cane popu-
lation (Table 2). Despite significantly greater
number of canes in the modified planting
(Table 2) and the correlation of cane popu-
lation and yield (prior), yield in the modified
planting was greater only in 1984 (Table 2).
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Table 1.

Relationship of training and row spacing of red raspberries to mechanically harvested fruit and cane growth.

Training Yield (g'm~?) Berry size (g/berry) Canes/m?
system 1982 1983 1984 1985 1982 1983 1984 1985 1982 1983 1984 1985
Standard (3-m between-row) spacing

Upright 857 503 a® 584 a 399 28a 3.0b 30a 26A 6.4 45A 62a 5.0
Woven 885 490 a 489 ¢ 401 28a 3.la 29b 2.5AB 5.4 29B 43¢ 4.5

Looped 783 423 b 542 b 359 2.6b 29c¢ 2.8¢c 24B 6.4 34B 55b 4.2

Modified (alternate, 3-m and 1.5-m between-row) spacing

Upright 865 457 636 383 2.6 28B 29 260 8.0 4.1 72 a 6.1

Woven 898 412 538 403 2.7 29A 2.9 2.4b 6.4 3.0 55¢ 6.0
Looped 970 488 646 411 2.6 27C 2.8 2.4b 9.2 3.6 6.2 b 5.3

“Mean separation within columns by Duncan’s multiple range test, P = 5% (lower case); 1% (upper case).

Table 2. Effect of row spacing on cane population density” and yield” of ‘Meeker’ red raspberry.
Row Canes/m? Yield (g'm-2)

spacing 1982 1983 1984 1985 1982 1983 1984 1985
Standard? 6.1 3.6 5.3 4.6 842 472 538 386
Modified* 7.9 3.6 6.3 5.8 906 451 607 399
Significance * NS * o NS NS ** NS

“Values are combined average of all training systems.

YThree meters between rows.
*Alternate 3 m and 1.5 m between rows.

NS, #-#*Nonsignificant or significant at the 5% or 1% levels in paired r test, respectively.

Related research on cane orientation reported
in 1984 (13) showed that at a cane height of
80 cm, 43% of the laterals were oriented
toward the narrow between-row space (1.5
m) and 56% were oriented toward the wide
(3-m) between-row space. The laterals that
were oriented toward the narrow row space
averaged fewer fruits/lateral (9.5) than the
laterals that were oriented toward the wide
row space (11.5).

The percentage of budbreak (floricane buds
that developed a fruiting lateral) from all
woven plots in both row spacings averaged
69% for the 4-year period, indicating a loss
of nearly one-third the crop potential. In 1984
and 1985, budbreak also was counted in the
upright and looped bundle plots, but was not
significantly affected by training system and
was not correlated with cane population den-
sity (data not shown).

The amount of gleaned fruit in 1984 av-
eraged 22% of the total yield in the standard
planting and 21% of the total yield in the
modified planting. These percentages ap-
proximate the loss of 25% reported by Cor-
mack and Waister in Scotland (2), but are
greater than the 10% to 20% losses estimated
by commercial growers in the Pacific North-
west. Neither weight nor percentage of fruit
gleaned preharvest and postharvest was re-
lated to training system in 1985.
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In 1985, 34% of the gleaned fruit in the
modified row spacing was preharvest drop
compared to 43% preharvest drop in the
standard. Rate of fruit ripening may have
been decreased in plots with modified spac-
ing and higher cane populations, reducing
fruit drop. Postharvest gleanings in 1985 were
from 13.4% to 18.2% of the total ripe fruit.
Neither the weight nor percentage of the
postharvest gleaning was affected by training
system.

The price for berries and unit production
costs ultimately determine the value of po-
tential production increases. The initial in-
crease in cost for plants, posts, and wire, and
the recurring costs for labor in the modified
row spacing, with the one-third increase in
number of rows, will likely offset the modest
production gains that are possible.
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